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(54) Three-dimensional hologram image display apparatus

(57) A three-dimensional hologram image display
apparatus (2) displays a three-dimensional hologram
image by use of computed interference fringe patterns.
The three-dimensional hologram image display appara-
tus (2) includes a light modulation device (25) which has
an electro-optical effect in which a refractive index is var-

ied in accordance with an applied electric field intensity;
and an electric field controller (22) configured to record
computed interference fringe patterns in the light mod-
ulation device by varying an electric field intensity ap-
plied to the light modulation device in accordance with
the computed interference fringe patterns.
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Description

CROSS REFERENCE TO RELATED APPLICATION

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Appli-
cations No. P2003-208712, filed on August 25, 2003;
and P2004-216472, filed on July 23, 2004; the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a three-dimen-
sional hologram image display apparatus and a three-
dimensional hologram image display system, each of
which displays a three-dimensional hologram image by
use of computed interference fringe patterns (computer
generated hologram).

2. Description of the Related Art

[0003] Conventionally, a three-dimensional hologram
image display apparatus has been known, which irradi-
ates a reference wave onto a computer generated holo-
gram displayed (played back) on a liquid crystal display
(LCD) so as to reproduce an object wave, thus display-
ing a three-dimensional hologram image. Note that the
computer generated hologram consists of interference
fringe patterns obtained by a computation.
[0004] Specifically, as shown in FIG. 1, such interfer-
ence fringe patterns are created from the object wave
and the reference wave. The object wave is created in
a manner that a laser beam irradiated onto an object of
a three-dimensional shape is reflected thereon.
[0005] However, in such a conventional three-dimen-
sional hologram image display apparatus, resolution of
the LCD has limitations, and there has been a problem
in that sufficient resolution for displaying a three-dimen-
sional hologram image of the object of the three-dimen-
sional shape cannot be obtained.
[0006] Specifically, resolution of 1 µm or less is re-
quired for displaying the three-dimensional hologram
image of the object of the three-dimensional shape.
However, even the highest-definition LCD at present on-
ly has resolution of approximately 10µm.
[0007] Therefore, only a field of view (a range where
the three-dimensional hologram image can be actually
observed) with a width of several centimeters can be
ensured, when an observer observes the three-dimen-
sional hologram image from a point apart therefrom by
50cm.
[0008] Accordingly, there has been a problem in that
the conventional three-dimensional hologram image
display apparatus does not have the sufficient resolution
for displaying the three-dimensional hologram image of
the object of the three-dimensional shape.

[0009] As a result, the conventional three-dimension-
al hologram image display apparatus has had a problem
in that the three-dimensional hologram image of the ob-
ject of the three-dimensional shape can be observed on-
ly by use of a peephole system having a narrow field of
view.
[0010] In order to solve the problem described above,
a three-dimensional hologram image display system us-
ing photorefractive crystal has been known as a system
which supplement limitations of the resolution of the
LCD (restrictions of the field of view).
[0011] A principle of such a three-dimensional holo-
gram image display system will be briefly described be-
low with reference to FIG. 2.
[0012] As shown in FIG. 2, the three-dimensional
hologram image display system is configured with an
interference fringe pattern computing apparatus 1, an
interference fringe pattern recording apparatus 2a, ref-
erence wave irradiation apparatuses 3a and 3b, and an
interference fringe pattern display apparatus 4.
[0013] The interference fringe pattern computing ap-
paratus 1 is configured with a computer 11. As shown
in FIG. 1, the interference fringe pattern computing ap-
paratus 1 is configured to compute the interference
fringe patterns (computer generated hologram) created
from the object wave and the reference wave.
[0014] The interference fringe pattern display appara-
tus 4 is configured with an electronic display device
(LCD 12 in an example of FIG. 2). The interference
fringe pattern display apparatus 4 is configured to dis-
play an image of the interference fringe patterns com-
puted by the interference fringe pattern computing ap-
paratus 1.
[0015] Information for displaying such an image of the
interference fringe patterns is transmitted from the inter-
ference fringe pattern computing apparatus 1 to the in-
terference fringe pattern display apparatus 4 by an im-
age signal.
[0016] The reference wave irradiation apparatus 3a is
configured to irradiate a reference wave B1 toward the
interference fringe pattern display apparatus 4 (LCD
12), and the reference wave irradiation apparatus 3b is
configured to irradiate a reference wave B2 toward the
interference fringe pattern recording apparatus 2a
(hologram recording device 21).
[0017] Here, the reference wave B1 has the same
wavelength and incidence angle as those of the refer-
ence wave for use in the computation of the interference
fringe patterns by the interference fringe pattern com-
puting apparatus 1.
[0018] When the reference wave B1 is irradiated to-
ward the interference fringe pattern display apparatus
4, a direct beam and an object wave A1 are generated
from the interference fringe pattern display apparatus 4.
Here, the object wave A1 has a beam wavefront equiv-
alent to that of the object wave for use in the computation
of the interference fringe patterns by the interference
fringe pattern computing apparatus 1. The object wave
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A1 propagates to the interference fringe pattern record-
ing apparatus 2a.
[0019] The interference fringe pattern recording ap-
paratus 2a is configured with the hologram recording de-
vice (light modulation device) 21. The interference fringe
pattern recording apparatus 2a is configured to record
an interference fringe patterns created from the object
wave A1 and the reference wave B2 irradiated from the
reference wave irradiation apparatus 3a, in the holo-
gram recording device 21. Here, as the hologram re-
cording device 21, the photorefractive crystal is used.
[0020] In a state where the interference fringe pat-
terns are recorded in the hologram recording device 21
(photorefractive crystal) as described above, when the
object wave A1 from the interference fringe pattern dis-
play apparatus 4 is blocked by a shutter or the like, and
only the reference wave B2 is irradiated toward the in-
terference fringe pattern recording apparatus 2a, an ob-
ject wave A2 is generated by the interference fringe pat-
terns recorded in the hologram recording device 21.
[0021] As a result, the observer can three-dimension-
ally observe the above-mentioned image of the three-
dimensional shape by means of the object wave A2.
[0022] Such a three-dimensional hologram image dis-
play system using the photorefractive crystal as the
hologram recording device 21 rerecords the interfer-
ence fringe patterns created from the object wave A1
played back by the LCD and from the reference wave
B2, thus making it possible to achieve an enlargement
of the field of view.
[0023] However, the conventional three-dimensional
hologram image display system using the photorefrac-
tive crystal is configured to record the interference fringe
patterns in the interference fringe pattern recording ap-
paratus 2a by use of an optical technique.
[0024] Accordingly, the conventional three-dimen-
sional hologram image display system has had a prob-
lem in that the conventional three-dimensional holo-
gram image display system is difficult to downsize.

BRIEF SUMMARY OF THE INVENTION

[0025] In viewing of the foregoing, it is an object of the
present invention to provide a three-dimensional holo-
gram image display system which realizes downsizing
of apparatuses while realizing a wide field of view.
[0026] A first aspect of the present invention is sum-
marized as a three-dimensional hologram image display
apparatus which displays a three-dimensional hologram
image by use of computed interference fringe patterns.
The three-dimensional hologram image display appara-
tus includes a light modulation device which has an elec-
tro-optical effect in which a refractive index is varied in
accordance with an applied electric field intensity; and
an electric field controller configured to record computed
interference fringe patterns in the light modulation de-
vice by varying an electric field intensity applied to the
light modulation device in accordance with the comput-

ed interference fringe patterns.
[0027] In the first aspect, pixel electrodes correspond-
ing to respective pixels of the interference fringe pat-
terns can be provided on a surface of the light modula-
tion device. And the electric field controller can be con-
figured to vary the electric field intensity applied to the
light modulation device by controlling voltages applied
to the respective pixel electrodes.
[0028] In the first aspect, the electric field controller
can be configured to store gray-scale values and volt-
age values of the interference fringe patterns in associ-
ation with each other. And the electric field controller can
be configured to apply voltages of the voltage values
associated with the gray-scale values of the respective
pixels in the interference fringe patterns, to the pixel
electrodes corresponding to the respective pixels.
[0029] In the first aspect, the electric field controller
can be configured to control the voltages applied to the
respective pixel electrodes, in consideration of mutual
functions of electric field intensities in adjacent pixels.
[0030] In the first aspect, the electric field controller
can be configured to apply voltage only to a specific pixel
electrode.
[0031] In the first aspect, the electric field controller
can be configured not to apply voltages to pixel elec-
trodes adjacent to a specific pixel electrode, when volt-
age applied to the specific pixel electrode is greater than
or equal to a predetermined voltage.
[0032] A second aspect of the present invention is
summarized as a three-dimensional hologram image
display system, which includes a three-dimensional
hologram image display apparatus and a server, and
displays a three-dimensional hologram image. The
server includes an interference fringe pattern computer
configured to compute interference fringe patterns cre-
ated from an object wave and a reference wave; a stor-
age configured to store gray-scale values and voltage
values of the interference fringe patterns in association
with each other; and a transmitter configured to transmit
the voltage values associated with the gray-scale values
of respective pixels in computed interference fringe pat-
terns to the three-dimensional hologram image display
apparatus. The three-dimensional hologram image dis-
play apparatus includes a light modulation device which
has pixel electrodes corresponding to the respective
pixels of the interference fringe patterns provided on a
surface thereof, and has an electro-optical effect in
which a refractive index is varied in accordance with an
applied electric field intensity; and an electric field con-
troller configured to record the interference fringe pat-
terns in the light modulation device by applying, to pixel
electrodes corresponding to the respective pixels, volt-
ages of the voltage values associated with the gray-
scale values of the respective pixels in the interference
fringe patterns received from the server.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0033]

FIG. 1 is a view for explaining a state of obtaining
a computer generated hologram in a three-dimen-
sional hologram image display apparatus according
to a prior art.
FIG. 2 is an entire configuration view of a three-di-
mensional hologram image display system accord-
ing to the prior art.
FIG. 3 is an entire configuration view of a three-di-
mensional hologram image display system accord-
ing to a first embodiment of the present invention.
FIGS. 4A and 4B are exterior views of a hologram
recording device of a three-dimensional hologram
image display apparatus according to the first em-
bodiment of the present invention.
FIGS. 5A and 5B are exterior views of a hologram
recording device of the three-dimensional hologram
image display apparatus according to the first em-
bodiment of the present invention.
FIGS. 6A and 6B are views for explaining control
for an electric field intensity by a electric field control
unit of the three-dimensional hologram image dis-
play apparatus according to the first embodiment of
the present invention.
FIGS. 7A and 7B are views for explaining control
for an electric field intensity by a electric field control
unit of the three-dimensional hologram image dis-
play apparatus according to the first embodiment of
the present invention.
FIG. 8 is a flowchart showing an operation of the
three-dimensional hologram image display system
according to the first embodiment of the present in-
vention.
FIG. 9 is a view showing image information of inter-
ference fringe patterns computed by an interfer-
ence fringe pattern computing apparatus of the
three-dimensional hologram image display system
according to the first embodiment of the present in-
vention, and showing image information of an en-
larged local region of the interference fringe pat-
terns.
FIG. 10 is a cross-sectional view of the hologram
recording device of the three-dimensional hologram
image display apparatus according to the first em-
bodiment of the present invention.
FIG. 11 is a view showing pixels constituting the lo-
cal region of the interference fringe patterns record-
ed in a light modulation device of the three-dimen-
sional hologram image display apparatus according
to the first embodiment of the present invention.
FIGS. 12A and 12B are views for explaining control
for an electric field intensity by a electric field control
unit of the three-dimensional hologram image dis-
play apparatus according to a second embodiment

of the present invention.
FIG. 13 is an entire configuration view of a three-
dimensional hologram image display system ac-
cording to a third embodiment of the present inven-
tion.
FIG. 14 is a functional block diagram of a server of
the three-dimensional hologram image display sys-
tem according to the third embodiment of the
present invention.
FIG. 15 is a functional block diagram of a three-di-
mensional hologram image display apparatus of the
three-dimensional hologram image display system
according to the third embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

<A configuration of a three-dimensional hologram
image display system according to a first embodiment
of the present invention>

[0034] FIG. 3 is a view showing an entire configuration
of a three-dimensional hologram image display system
in a first embodiment of the present invention.
[0035] The three-dimensional hologram image dis-
play system according to the first embodiment is a three-
dimensional hologram image display system which dis-
plays a three-dimensional hologram image by use of a
computer generated hologram.
[0036] As shown in FIG. 3, the three-dimensional
hologram image display system according to the first
embodiment is configured with an interference fringe
pattern computing apparatus 1, a three-dimensional
hologram image display apparatus 2, and a reference
wave irradiation apparatus 3.
[0037] Here, in this specification, a concept of an "im-
age" includes a still-frame picture, a moving picture (vid-
eo).
[0038] Similarly to the interference fringe pattern com-
puting apparatus 1 according to the prior art, the inter-
ference fringe pattern computing apparatus 1 is config-
ured with a computer.
[0039] The interference fringe pattern computing ap-
paratus 1 is configured to compute interference fringe
patterns created from an object wave and a reference
wave. The object wave is created in a manner that a
laser beam irradiated onto an object of a three-dimen-
sional shape (for example, 3D data of a cube) is reflect-
ed thereon.
[0040] Note that the interference fringe patterns are
gray-scale images in which variations of brightness cor-
respond to amplitude information of light and a fringe
pattern corresponds to phase information of the light.
[0041] The three-dimensional hologram image dis-
play apparatus 2 includes a light modulation device 25
in which a refractive index is varied in accordance with
an electric field intensity.
[0042] The three-dimensional hologram image dis-
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play apparatus 2 is configured to record the interference
fringe patterns in the light modulation device 25, by var-
ying the electric field intensity applied to the light mod-
ulation device 25 in accordance with the interference
fringe patterns.
[0043] As shown in FIG. 3, the three-dimensional
hologram image display apparatus 2 is configured with
a hologram recording device 21 and an electric field con-
trol unit 22.
[0044] The hologram recording device 21 adopts a
configuration in which electrodes 23 corresponding to
the respective pixels of the interference fringe patterns
are provided on a surface of the light modulation device
25 having the refractive index varied in accordance with
an applied electric field intensity.
[0045] That is to say, the hologram recording device
21 adopts a configuration in which the light modulation
device 25 is sandwiched between microelectrodes 23
and 24.
[0046] For example, as shown in FIGS. 4A and 4B,
the hologram recording device 21 may have an elec-
trode structure of a simple matrix system.
[0047] In such a case, the hologram recording device
21 adopts a configuration in which the electrodes 23 in
an X-axis direction are pasted on an upper surface of
the light modulation device 25 formed as a thin film, and
the electrodes 24 in a Y-axis direction are pasted on a
lower surface of the light modulation device 25 formed
as the thin film.
[0048] Here, intersection portions of the electrodes 23
in the X-axis direction and the electrodes 24 in the Y-
axis direction apply to pixel electrodes 23a correspond-
ing to the respective pixels.
[0049] Moreover, as shown in FIGS. 5A and 5B, the
hologram recording device 21 may have an electrode
structure of an active matrix system.
[0050] In such a case, the hologram recording device
21 adopts a configuration in which transistors capable
of independently controlling ON/OFF of each of the pixel
electrodes 23a corresponding to the respective pixels
are prepared.
[0051] Here, as the light modulation device 25, used
is a material such as PLZT, SBT and SBN which are
ferroelectric materials capable of easily realizing refrac-
tive-index modulation by electric-field control by use of
polarization inversion.
[0052] The electric field control unit 22 is configured
to vary the refractive index inside of the light modulation
device 25, by varying the electric field intensity applied
to the light modulation device 25, based on information
for displaying the interference fringe patterns (gray-
scale values of the respective pixels of the interference
fringe patterns). The information is transmitted from the
interference fringe pattern computing apparatus 1 by an
image signal.
[0053] Here, a state where the electric field control
unit 22 controls the electric field intensity applied to the
light modulation device 25 will be specifically described

with reference to FIGS. 6A and 6B.
[0054] FIG. 6A shows a part of the pixels (A, B, C...)
constituting the interference fringe patterns computed
by the interference fringe pattern computing apparatus
1.
[0055] When the gray-scale values at positions corre-
sponding to the respective pixels (A, B, C...) of the in-
terference fringe patterns are varied as in "a gray-scale
variation curve of the interference fringe patterns"
shown in FIG. 6B, the electric filed control unit 22 applies
voltages (A, B, C-.) shown in a bar graph of FIG. 6B to
the respective pixel electrodes 23a corresponding to the
respective pixels (A, B. C...) of the interference fringe
patterns.
[0056] Here, it is assumed that the electric field control
unit 22 can control the voltages applied to the respective
pixel electrodes 23a completely independently.
[0057] Specifically, as in the pattern of the Interfer-
ence fringe patterns computed by the interference fringe
pattern computing apparatus 1, the electric field control
unit 22 is configured to locally vary the refractive index
inside of the light modulation device 25, by locally var-
ying the electric field intensity applied to the light mod-
ulation device 25, so as to record the interference fringe
patterns concerned in the light modulation device 25.
[0058] Note that the refractive index is constant in a
state where an electric field intensity is not varied inside
of the light modulation device 25.
[0059] Moreover, as shown in FIG. 7A, the electric
field control unit 22 is configured to store the gray-scale
values and voltage values of the interference fringe pat-
terns in association with each other.
[0060] And the electric field control unit 22 may be
configured to apply voltages of the voltage values asso-
ciated with the gray-scale values of the respective pixels
in the interference fringe patterns, to the pixel electrodes
23a corresponding to the respective pixels.
[0061] In such a case, the electric field control unit 22
computes and stores a relationship between the gray-
scale values and voltage values of the interference
fringe patterns for each material of the light modulation
device 25 based on a relationship shown in FIG. 7B,
which is between an applied electric field intensity and
the refractive index inside of the light modulation device,
a relationship between the gray-scale values of the in-
terference fringe patterns and the refractive index inside
of the light modulation device, and the like.
[0062] In general, the relationship between an applied
electric field intensity and the refractive index can be
represented as follows.
[0063] In general, a displacement ∆n of the refractive
index is represented as:

where "n0" is the refractive index when no electric
field is applied (when "V = 0"), "V" is the voltage value,

∆n ∝ r-n0
3·V/d
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"d" is a distance between the electrodes, and "r" is an
electro-optical coefficient.
[0064] The reference wave irradiation apparatus 3 is
configured to irradiate a reference wave B toward the
light modulation device 25.
[0065] Here, the reference wave B has the same
wavelength and incidence angle as those of the refer-
ence wave for use in the computation of the interference
fringe patterns by the interference fringe pattern com-
puting apparatus 1.
[0066] When the reference wave B is irradiated to-
ward the light modulation device 25 in a state where the
interference fringe patterns are recorded in the light
modulation device 25 as described above, an object
wave A is generated by the interference fringe patterns
recorded in the light modulation device 25.
[0067] As a result, the same object wave A as light
coming from the object of the three-dimensional shape
for use in the computation of the interference fringe pat-
terns by the interference fringe pattern computing appa-
ratus 1 is made incident onto eyes of an observer, and
thus the observer can three-dimensionally observe the
above-described object of the three-dimensional shape.
[0068] Specifically, the three-dimensional hologram
image display apparatus 2 according to the first embod-
iment is different from the three-dimensional hologram
image display apparatus according to the prior art in that
the variations of the refractive index of the hologram re-
cording device 21 are controlled by the variations of the
electric field intensity, that the recording of the interfer-
ence fringe patterns in the hologram recording device
21 is realized not optically but electrically, and that the
variations of the electric field intensity are realized by
use of the polarization inversion.
[0069] In the first embodiment described above, the
interference fringe pattern computing apparatus 1 and
the three-dimensional hologram image display appara-
tus 2 are provided as apparatuses separate from each
other.
[0070] However, the present invention is not limited to
this configuration, and is also applicable to a configura-
tion in which the three-dimensional hologram image dis-
play apparatus 2 includes a function of the interference
fringe pattern computing apparatus 1.

<Operation of the three-dimensional hologram image
display system according to the first embodiment of the
present invention)

[0071] An operation of the three-dimensional holo-
gram image display system according to the first em-
bodiment of the present invention will be described with
reference to FIG. 8.
[0072] In Step 401, the interference fringe pattern
computing apparatus 1 computes the interference fringe
patterns created from the object wave and the reference
wave. The object wave is created in the manner that the
laser beam irradiated onto the object of the three-dimen-

sional shape is reflected thereon.
[0073] FIG. 9 shows a state where the interference
fringe patterns are displayed and a state where a local
region of the displayed interference fringe patterns is en-
larged. Each of squares "A" to "D" indicates one pixel
constituting the interference fringe patterns.
[0074] In Step 402, the interference fringe pattern
computing apparatus 1 transmits the information for dis-
playing the above-described interference fringe pat-
terns, to the three-dimensional hologram image display
apparatus 2 by the image signal.
[0075] In Step 403, as in a conventional liquid crystal
display device and the like, the electric field control unit
22 of the three-dimensional hologram image display ap-
paratus 2 controls the electric fields intensities applied
to the respective pixel electrodes 23a corresponding to
the respective pixels constituting the interference fringe
patterns based on the gray-scale values of the respec-
tive pixels.
[0076] FIG. 10 shows a cross-sectional view of the
hologram recording device 21 of the three-dimensional
hologram image display apparatus 2.
[0077] Here, it is assumed that pixel electrodes 23a
(A) to 23a (D) correspond to the pixels "A" to "D", re-
spectively. Moreover, it is assumed that a relationship
between the refractive index and the electric field inten-
sity inside of the light modulation device 25 is the rela-
tionship shown in FIG. 7B.
[0078] For example, when gray-scale values of the
pixels "A" to "D" are "255", "200", "255" and "100". re-
spectively, the electric field control unit 22 varies voltag-
es applied to the pixel electrodes 23a (A) to 23a (D) to
"+5V" "+4V" "+5V" and "+2V".
[0079] As described above, the electric field control
unit 22 applies the different voltages to the respective
pixel electrodes 23a (A) to 23a (D) of the hologram re-
cording device 21.
[0080] Thus, in Step S404, in the light modulation de-
vice 25, refractive-index modulations corresponding to
the interference fringe patterns computed by the inter-
ference fringe pattern computing apparatus 1 are real-
ized, and the interference fringe patterns concerned are
recorded.
[0081] FIG. 11 shows pixels "A" to "D" constituting the
local region of the interference fringe patterns recorded
in the light modulation device 25.
[0082] In FIG. 11, for facilitating the understanding, re-
fractive indices corresponding to the respective pixels
"A" to "D" are shown by variations of shades of gray.
[0083] In Step 405, onto the light modulation device
25, the reference wave irradiation apparatus 3 irradiates
the reference wave B having the same wavelength and
incidence angle as those of the reference wave for use
in the computation of the interference fringe patterns by
the interference fringe pattern computing apparatus 1.
[0084] In Step 406, when the reference wave B is ir-
radiated toward the light modulation device 25 in the
state where the interference fringe patterns are record-
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ed in the light modulation device 25, the object wave A
is generated by the interference fringe patterns record-
ed in the light modulation device 25.
[0085] As a result, the same object wave A as the light
coming from the object of the three-dimensional shape
for use in the computation of the interference fringe pat-
terns by the interference fringe pattern computing appa-
ratus 1 is made incident onto the eyes of the observer,
and thus the observer can three-dimensionally observe
the above-described object of the three-dimensional
shape.

(Function/Effect of three-dimensional hologram image
display system according to first embodiment of the
present invention)

[0086] According to the three-dimensional hologram
image display system in accordance with the first em-
bodiment of the present invention, the recording of the
interference fringe patterns in the hologram recording
device 25 can be controlled electrically. Accordingly,
downsizing of the three-dimensional hologram image
display system can be realized while realizing a three-
dimensional hologram image display enabling a wide
angle of view.
[0087] Specifically, according to the three-dimension-
al hologram image display system in accordance with
the first embodiment of the present invention, it is not
necessary, as the conventional three-dimensional holo-
gram image display system, to adopt a two-stage con-
figuration in which the interference fringe patterns are
displayed by the interference fringe pattern display ap-
paratus 4 such as the LCD 12 and the interference fringe
patterns created from the object wave A1 generated
from the displayed interference fringe patterns and from
the reference wave B2 is written into the hologram re-
cording device.
[0088] Accordingly, the downsizing of the three-di-
mensional hologram image display system can be real-
ized.

(Configuration of three-dimensional hologram image
display system according to a second embodiment of
the present invention)

[0089] A three-dimensional hologram image display
system according to a second embodiment of the
present invention will be described with reference to
FIGS. 12A and 12B.
[0090] Different points of the three-dimensional holo-
gram image display system according to the second em-
bodiment from the above-described three-dimensional
hologram image display system according to the first
embodiment will be mainly described below.
[0091] For example, in such usual image information
as an image of a checker flag, there is a possibility that
gray-scale values of adjacent pixels are radically varied.
For this reason, an image display device which displays

such pixel information must control all of the pixels com-
pletely independently.
[0092] However, because the interference fringe pat-
terns are formed by synthesizing light waves, in the in-
terference fringe patterns, the gray-scale values of the
adjacent pixels are not radically varied as in the above-
described image of the checker flag from a micro-level
viewpoint.
[0093] For this reason, in the case of the information
for displaying the interference fringe patterns, even if all
of the pixels are not controlled completely independent-
ly, the interference fringe patterns to be played back are
affected little in terms of deterioration.
[0094] Therefore, the electric field control unit 22
which plays back the interference fringe patterns can be
configured to control the voltages applied to the respec-
tive pixel electrodes 23a (A) to 23a (D), in consideration
of mutual functions of the electric field intensities applied
to the adjacent pixel electrodes 23a (A) to 23a (D).
[0095] Specifically, it is not necessary for the electric
field control unit 22 to control the pixel electrodes 23a
corresponding to all of the pixels for each pair of the ad-
jacent pixels completely independently.
[0096] And it is satisfactory if a trend of the variations
of the gray-scale values in the neighboring pixels is con-
trolled so as to be the same as a trend of the variations
of the gray-scale, values of the original interference
fringe patterns.
[0097] A state where the electric field intensity applied
to the light modulation device 25 is controlled when the
electric field control unit 22 cannot control the pixel elec-
trodes corresponding to all of the pixels completely in-
dependently, that is, when electric fields applied to the
adjacent pixel electrodes affect one another will be spe-
cifically described with reference to FIGS. 12A and 12B.
[0098] Here, FIG. 12A shows a part of the pixels (A,
B, C...) constituting the interference fringe patterns com-
puted by the interference fringe pattern computing ap-
paratus 1.
[0099] Note that, in FIG. 12A, pixel electrodes adja-
cent to the pixel electrode 23a (C) corresponding to the
pixel "C" may be only the pixel electrodes 23a (B) and
23a (D) corresponding to the pixels "B" and "D", or may
include the pixel electrodes 23a (A) and 23a (E) corre-
sponding to the pixels "A" and "E".
[0100] For example, as shown in FIG. 12B, in consid-
eration of the mutual functions of the electric field inten-
sities in the adjacent pixel electrodes, the electric field
control unit 22 lessens the voltages applied to the pixel
electrodes 23a (A) and 23a (B) corresponding to the pix-
els "A" and "B" than true values, and increases the volt-
age applied to the pixel electrode 23a (C) corresponding
to the pixel "C" more than a true value.
[0101] Note that the true values refer to the voltages
applied to the respective pixel electrodes, when the
electric field control unit 22 can control the pixel elec-
trodes corresponding to all of the pixels completely in-
dependently (refer to FIG. 6B).
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[0102] As a result, though the gray-scale values of the
respective pixels "A" to "C" are different from those in
the case of FIG. 6B, "a gray-scale variation curve of the
interference fringe patterns" formed of the gray-scale
values of the three pixels "A" to "C" becomes substan-
tially the same as "the gray-scale variation curve of the
interference fringe patterns" shown in FIG. 6B.
[0103] Moreover, the electric field control unit 22 can
also thin out the pixel electrodes to which the voltages
are applied in such a manner that the voltage applied to
the pixel electrode corresponding to the pixel "C" is in-
creased more than the true value and the voltages are
not applied to the pixels "A", "B", "D". "E" and the like,
which are adjacent to the pixel "C".
[0104] Specifically, the electric field control unit 22
does not have to control the voltages applied to the pixel
electrodes corresponding to all of the pixels.
[0105] And the electric field control unit 22 can be con-
figured to control only voltages applied to pixel elec-
trodes corresponding to specific pixels.
[0106] Here, determination methods of the pixel elec-
trodes for which it is necessary to control the voltages
differ depending on characteristics of the light modula-
tion device 25.
[0107] By performing the processing as described
above, from a global viewpoint, the electric field control
unit 22 can obtain a similar result to that of "the gray-
scale variation curve of the interference fringe patterns"
shown in FIG. 6B, even if the electric field control unit
22 cannot control the pixel electrodes corresponding to
all of the pixels completely independently, that is, even
if the electric fields in the adjacent pixel electrodes affect
one another.
[0108] Moreover, the electric field control unit 22 may
also be configured not to apply the voltages to the pixel
electrodes (for example, the pixels "A", "B", 'D' and "E")
adjacent to the specific pixel electrode (for example, the
pixel electrode corresponding to the pixel "C") when the
voltage applied to the specific electrode is a predeter-
mined voltage or more.
[0109] According to the three-dimensional hologram
image display system in accordance with the second
embodiment, a restriction condition that the adjacent
electrodes must be controlled completely independently
is relaxed, and accordingly, manufacture of the system
becomes facilitated.

<Configuration of three-dimensional hologram image
display system according to a third embodiment of the
present invention>

[0110] A three-dimensional hologram image display
system according to a third embodiment of the present
invention will be described with reference to FIGS. 13
to 15.
[0111] Different points of the three-dimensional holo-
gram image display system according to the third em-
bodiment from the above-mentioned three-dimensional

hologram image display system according to the first
embodiment will be mainly described below.
[0112] As shown in FIG. 13, the three-dimensional
hologram image display system according to the third
embodiment includes a server 100, and a three-dimen-
sional hologram image display apparatus 2.
[0113] In this embodiment, an example where the
three-dimensional hologram image display apparatus 2
is configured with a mobile communication terminal
communicable with the server 100 through a packet
communication network 5 will be described.
[0114] As shown in FIG. 14, the server 100 includes
an interference fringe pattern computing unit 1a, a stor-
age unit 1b, and a transmitter unit 1c.
[0115] The interference fringe pattern computing unit
1a is configured to compute interference fringe patterns
(computer generated hologram) created from an object
wave and a reference wave.
[0116] The storage unit 1b is configured to store gray-
scale values and voltage values of the interference
fringe patterns in association with each other.
[0117] The transmitter unit 1c is configured to transmit
voltage values associated with the gray-scale values of
the respective pixels of the computed interference fringe
patterns, to the three-dimensional hologram image dis-
play apparatus 2.
[0118] As shown in FIG. 15, the three-dimensional
hologram image display apparatus 2 includes a commu-
nication unit 31, a hologram recording device 21, an
electric field control unit 22, a light source 32, and a light
reflecting plate 33.
[0119] The communication unit 31 is configured to re-
quire the server 100 to transmit the voltage values cor-
responding to the gray-scale values of the respective
pixels of the interference fringe patterns for displaying
a three-dimensional hologram image, and to transmit
the received voltage values to the electric field control
unit 22.
[0120] The electric field control unit 22 is configured
to record the interference fringe patterns in the light
modulation device 25 as the hologram recording device
21, by applying, to the pixel electrodes corresponding
to the respective pixels, the voltages of the voltage val-
ues associated with the gray-scale values of the respec-
tive pixels of the interference fringe patterns. Here, the
gray-scale values of the respective pixels of the inter-
ference fringe patterns are received from the server 100
through the communication unit 31.
[0121] Note that a configuration of the hologram re-
cording device 21 is similar to the configuration of the
hologram recording device 21 according to the above-
mentioned first embodiment.
[0122] The light reflecting plate 33 is configured to
create a reference wave B, by reflecting light from the
light source 32.
[0123] Here, the reference wave B has the same
wavelength and incidence angle as those of the refer-
ence wave for use in the computation of the interference
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fringe patterns by the interference fringe pattern com-
puting unit 1a of the server 100.
[0124] Note that the light source 32 may be a backlight
for use in a liquid crystal display of the mobile commu-
nication terminal, or may be a light source provided sep-
arately from such a backlight.
[0125] Note that, though a configuration in which the
server 100 transmits the voltage values associated with
the gray-scale values of the interference fringe patterns
to the three-dimensional hologram image display appa-
ratus 2 through the packet communication network 5
has been described in the above-described third em-
bodiment, the present invention is also applicable to a
configuration in which the server 100 transmits the gray-
scale values of the interference fringe patterns to the
three-dimensional hologram image display apparatus 2
through the packet communication network 5.
[0126] As described above, according to the present
invention, the three-dimensional hologram image dis-
play apparatus and the three-dimensional hologram im-
age display system, which realize the downsizing there-
of while realizing the three-dimensional hologram image
display enabling the wide angle of view, can be provid-
ed.
[0127] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the spe-
cific details and the representative embodiment shown
and described herein. Accordingly, various modifica-
tions may be made without departing from the scope of
the general inventive concept as defined by the append-
ed claims and their equivalents.

Claims

1. A three-dimensional hologram image display appa-
ratus which displays a three-dimensional hologram
image by use of computed interference fringe pat-
terns, comprising:

a light modulation device which has an electro-
optical effect in which a refractive index is var-
ied in accordance with an applied electric field
intensity: and
an electric field controller configured to record
computed interference fringe patterns in the
light modulation device by varying an electric
field intensity applied to the light modulation de-
vice in accordance with the computed interfer-
ence fringe patterns.

2. The three-dimensional hologram image display ap-
paratus according to claim 1, wherein

pixel electrodes corresponding to respective
pixels of the interference fringe patterns are provid-
ed on a surface of the light modulation device, and

the electric field controller is configured to

vary the electric field intensity applied to the light
modulation device by controlling voltages applied
to the respective pixel electrodes.

3. The three-dimensional hologram image display ap-
paratus according to claim 2, wherein the electric
field controller is configured to store gray-scale val-
ues and voltage values of the interference fringe
patterns in association with each other, and to apply
voltages of the voltage values associated with the
gray-scale values of the respective pixels in the in-
terference fringe patterns to the pixel electrodes
corresponding to the respective pixels.

4. The three-dimensional hologram image display ap-
paratus according to claim 2, wherein the electric
field controller is configured to control the voltages
applied to the respective pixel electrodes, in con-
sideration of mutual functions of electric field inten-
sities in adjacent pixels.

5. The three-dimensional hologram image display ap-
paratus according to claim 4, wherein the electric
field controller is configured to apply voltage only to
a specific pixel electrode.

6. The three-dimensional hologram image display ap-
paratus according to claim 4, wherein the electric
field controller is configured not to apply voltages to
pixel electrodes adjacent to a specific pixel elec-
trode, when voltage applied to the specific pixel
electrode is greater than or equal to a predeter-
mined voltage.

7. A three-dimensional hologram image display sys-
tem, which includes a three-dimensional hologram
image display apparatus and a server, and displays
a three-dimensional hologram image,

wherein the server comprises:

an interference fringe pattern computer config-
ured to compute interference fringe patterns
created from an object wave and a reference
wave;
a storage configured to store gray-scale values
and voltage values of the interference fringe
patterns in association with each other; and
a transmitter configured to transmit the voltage
values associated with the gray-scale values of
respective pixels in computed interference
fringe patterns to the three-dimensional holo-
gram image display apparatus, and

wherein the three-dimensional hologram im-
age display apparatus comprises:

a light modulation device which has pixel elec-
trodes corresponding to the respective pixels
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of the interference fringe patterns provided on
a surface thereof, and has an electro-optical ef-
fect in which a refractive index is varied in ac-
cordance with an applied electric field intensity;
and
an electric field controller configured to record
the interference fringe patterns in the light mod-
ulation device by applying, to pixel electrodes
corresponding to the respective pixels, voltag-
es of the voltage values associated with the
gray-scale values of the respective pixels in the
interference fringe patterns received from the
server.
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